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Fig. 1. The Mechanical Smoke Generator. Ml (100-Gallon) 



MECHANICAL SMOKE GENERATOR, Ml TM 3-380 

1-3 

SECTION I 
GENERAL 



Paragraph 
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Difference among models 3 



1. PURPOSE AND SCOPE. This manual describes the 
mechanical smoke generator, Ml, (100-gallon), its operation, 
maintenance, and repair by using personnel or by the smoke 
generator company. (See fig. 1.) 

2. PURPOSE AND USE OF GENERATOR, a. Purpose. 
The generator is designed to throw into the air a dense stream- 
er of white smoke. (See fig. 2.) 

b. Use . In smoke operations a line of generators is 
used. (See fig. 3.) Downwind from the line of generators the 
streamers of smoke merge, forming a smoke cloud, or blanket. 
(See fig. 4.) The purpose of the smoke cloud or blanket is two- 
fold: 



(1) To prevent aimed bombing of the ground target 
by enemy aircraft. 

(2) To hide the ground target from aerial observa- 
tion. 



3. DIFFERENCE AMONG MODELS, a. Burner mixture 
ignition. Of the mechanical smoke generators in use by the 
Chemical Warfare Service at this writing, some are magneto - 
ignition units. On these the spark between two electrodes which 
ignites the fuel oil -air mixture in the firebox is generated by 
current from a magneto belted to the engine take-off shaft and 
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Fig. 2. Generator Making Smoke. 
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Fig. 3. Line of Generators Making Smoke. 
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Fig. 4. Generator -produced Smoke Blanket. 



MECHANICAL SMOKE GENERATOR, Ml 



TM 3-380 
3 



nown as the burner magneto. (See fig. 5.) All other mechan- 
cal smoke generators are transformer -ignition units, on each 
>f which the spark is generated by a high tension transformer 
inergizedby a 110-volt alternating current generator belted to 
he engine take-off shaft. (See fig. 6.) 





TRANSFORMER 



TASfHtCOOC 



Fig. 5. Burner Magneto on Fig. 6. Transformer on 

Magneto-ignition Model. Transformer-ignition Model 

b. Special oil suction line strainers. The special oil 
suction lines of the early models are equipped with a basket - 
type screen strainer. On the suction lines of other units, self- 
cleaning strainers are used. The differences between the two 
are described in paragraph 6. 
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Fig. 7. Principal Devices : Involrodlni^w 
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4. HOW THE GENERATOR MAKES SMOKE. (See fig. 7.) 
The mechanical smoke generator produces smoke as follows: 

a. Special oil is pumped from a supply tank on the rear 
of the generator to the injector of the coil assembly inside the 
furnace. The special oil arrives in the injector cold. 

b. Water is pumped from another supply tank into the 
water coil in the furnace. As it flows through the water coil 
the water is heated by a burning fuel oil and air mixture in the 
firebox at the base of the furnace. The heat converts the water 
into vapor. 



c. Meeting the cold stream of special oil at the injec- 
tor, the vapor disperses finely throughout the incoming oil. 

d. This special oil -vapor mixture now flows through 
the special oil -vapor coil and is super -heated as it does so by 
the flames in the firebox below. 

e. From the coil the super -heated special oil -vapor 
mixture escapes into the air through ten 3/16 -inch holes along 
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Fig. 8. Frame. 
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the spray nozzle manifold. 

i. In the air rapid chilling causes the mixture to con- 
dense, thus forming a maze of tiny liquid droplets. This maze 
is the smoke. 



5. THE GENERATOR AS A WHOLE, a. Weight. The mech- 
anical smoke generator weighs approximately 3,000 pounds 
empty, approximately 5,400 pounds when filled with liquids. 

b. Frame. (1) It is mounted on a 5 -foot, 6 -inch x 6- 
foot frame in order that it can be carried on a trailer, barge, 
truck, or other vehicle, or placed on the ground or on pilings 
in the case of offshore installations. 

(2) The components of the frame are shown in fig- 
ure 8. The equipment frame platform serves as a base for the 
engine, the latter being bolted to it. On the transformer -igni- 
tion models the generator bracket supports the ac -dc engine 
generator, the latter being bolted to it. On magneto -ignition 
generators, the battery -charging dc engine generator' is bolted 
directly to the engine. The pipe clamp nearest the equipment 
frame platform helps support the water piping; the other two 
clamps help support the special oil piping. To the equipment 
frame bracket are bolted the special oil and water pumps, and 
on the magneto -ignition models the burner magneto also is bolt- 
ed to this bracket. As its name implies, the burner cover serves 
to protect the fuel oil burner when the unit is not in operation. 
On the assembled generator it is hinged to a bracket extending 
from the furnace at a point just above the burner. All other 
parts of the frame are self-explanatory. 

c. Parts. The major parts of the generator are: 

(1) Special oil system. 
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(2) Water system. 

(3) Fuel oil system 

(4) Heating system. 

(5) Control system. 

A description of these parts and how they work together to pro- 
duce a streamer of smoke will be found in paragraphs 6, 7, 8, 
9, and 10 following. The description of each part is accom- 
panied by a photograph showing the components of the part In 
the order in which these components go together. 



6. SPECIAL OIL SYSTEM, a. Definition. The special oil 
system consists of all piping and devices directly involved in 
making possible and controlling the flow of special oil from the 
special oil supply tank to the coil assembly. 

b. Piping. The piping which carries special oil from 
the special oil supply tank to the injector is diagrammed in fig- 
ure 9. It consists of four main sections: 

(1) Suction line. This extends from the supply tank 
to the special oil pump. 

i 

(2) Discharge line. This extends from the pump to 
a 1/2 -inch union (as shown in figure 9) at the base of the mani- 
fold. 



(3) Manifold. This name is given to the special oil 
piping between the union at the end of the discharge line and the 
injector. On the manifold is a petcock through which special 
oil may be released in the event of such emergencies as the ac- 
cumulation of air pockets in the system. 



14 



Digitized by GoOgk 



Original from 
UNIVERSITY OF CALIFORNIA 






MECHANICAL SMOKE GENERATOR, Ml TM 3-380 

6 

(4) Return line. This extends, as shown in figure 
9, from a 1-inch tee on the discharge line back to the supply 
tank. 



c. Flow. Taking suction from the supply tank, the pump 
draws the special oil through the suction line. It then dischar- 
ges the oil into the discharge line, from whence it flows into the 
manifold. Toward the termination of the manifold is a quick - 
opening valve. (See fig. 10.) During the start of operations, 
and while the smoke generator is being operated in the "start - 
stop" position, this valve is closed. Its. closure prevents the 
passage of special oil into the coil assembly, and all the dis- 
charged oil is by -passed to the supply tank by way of the spec- 
ial oil return line. When the machine is being operated in the 
"run" position the quick -opening valve is open. Its being open 
permits oil to flow into the coil assembly. When the machine 
is being operated correctly, oil will pass through the quick - 
opening valve at the rate of 100 gallons per hour. Under these 
conditions only special oil in excess of 100 gallons per hour 
flows back to the supply tank through the return line. 



d. Other special oil system devices. The locations of 
all other devices involved in making possible and controlling 
the flow of special oil are shown in figure 10. Each of these 
devices is discussed in terms of its function and parts in the 
immediately succeeding paragraphs. 



e. Special oil supply tank. (1) The supply of special 
oil for the generator is held in the middle one of three large 
tanks. The tank holds 100 gallons. 



(2) The tank is filled through a pipe known as the 
neck, which extends from the top. Some necks are 2 inches in 
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Fig. 10. Other Special Oil System Devices. 
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diameter, some 2-l/4inches. All are closed with appropriate- 
ly sized caps. Near the neck is a hooked pipe which serves as 
a vent through which air may escape from the tank. (Seefig. 11.) 

(3) Also extending from the top of the tank is a gage 
which shows when the tank is full, three -fourths full, half full, 
or empty. This gage operates by means of a series of floats 




Fig. 11. Upper Half of 
Supply Tank. 



and links. (See fig. 12.) The floats and links are suspended 
from the gage inside the tank. The metal floats, or "sausages,” 
being very light, float on the liquid. As the liquid descends, the 
"sausages" descend with it, pulling down the spring inside the 
glass gage. When the tank is filled, the rising liquid pushes up 
the sausages, permitting the spring to rise The tank can be 
emptied through a plug to be found on the engine side below the 
floor plate. Another method of draining the tank is to discon- 
nect the special oil suction line at the gate valve, open the valve, 
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and permit the contents of the tank to escape into a suitable re- 
ceptacle. 

i. Gate valve. (1) The function of the gate valve, as its 
name indicates, is to control the entrance of special oil into the 
suction line. 



figure 13. By turning the hand -wheel, a disk inside the body of 
the valve is lifted or lowered. Lifting it permits the entrance 
of oil into the suction line; lowering it forces the oil to remain 
in the supply tank. 



(2) The components of the gate valve are shown in 



2 



8 



6 



9 3 







1. Link. 

2. Float. 

3. Plug. 



6. Hook. 

7. Spring. 

8. Body. 



5. Glass Gage. 



4. Washer. 



9. Gasket. 



Fig. 12. Supply Tank Gage and Floats. 
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g. Suction line strainer. (1) The function of the sue - 
tion line strainer is to catch and retain dirt which the oil may 
have collected in the supply tank before it reaches the pump. 
There are two types of special oil suction line strainers, either 
of which may be employed on the smoke generator. They are 
the basket -type screen strainer and the self -cleaning strainer. 

(2) The components of the basket -type screen strain - 
er are shown in figure 14. The screen is of a very fine mesh. 

(3) The components of the self -cleaning strainer are 
shown in figure 15. Instead of a screen, this strainer is equip- 
ped with a cartridge assembly consisting of interlocking sta- 
tionary and rotating blades. Dirt is caught in these blades and 
can be shifted to the bottom of the sump by turning the handle. 

h. Pump. (1) The pump can discharge a maximum of 
approximately 125 gallons of special oil per hour into the dis- 
charge line. 

(2) The pump is a gear type. Its components are 
shown in figure 16. 

i. Return line strainer. (1) The function of this strain- 
er is to catch and retain the last traces of dirt before such of 
the oil as is by -passing to the supply tank goes through the re- 
lief valve. 



(2) The return line strainer is a screen type, as 
described in paragraph 6 g (2) above. 

y. Relief valve. (1) The function of the relief valve is 
to regulate the flow of special oil in the return line. 

(2) Components of the relief valve are shown in fig- 
ure 17. At the factory the poppet of this valve is set so as to 
give the valve an opening - that is, a relief - of one -half inch. 

19 
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Handwheel. 


5. 


Stuffing box. 


8. 


Disk. 


Packing nut. 


6. 


Stem. 


9. 


Body. 



Fig. 13. Gate Valve. 




1. Cap. 



2. Screen. 



3. Body. 



Fig. 14. Screen-type Strainer. 
20 
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This may have to be varied. 

k. Check valve. (1) The function of this valve is to per - 
mit special oil flowing into the return line from the discharge 
line to enter the supply tank and to prevent oil in the tank from 
escaping into the return line. 




1 . 


Head. 


8. 


Sump assembly. 


2. 


Cartridge assembly. 


9. 


Sump screws. 


3. 


Handle. 


10. 


Sump screws. 


4. 


Gland nut. 


11. 


Washer. 


6. 


Gasket. 


12. 


Nuts. 


7. 


Mounting bracket. 


13. 


Drain plug. 




Fig. 15. Self -cleaning 


Strainer. 
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Fig. 16. Special Oil Pump. 
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(2) Components of the check valve are shown in fig< 
ure 18. The disk of the hinge is so set that the pressure of spec- 
ial oil flowing toward the tank will open it. The pressure of oil 
flowing from the tank merely pushes the disk against the sides 
of the body, thus preventing the oil from flowing out of the tank 
into the return line. 

1. Fixed needle valve. (1) The function of the fixe< 



— 




1. Cap. 3. Hinge pin. 

2. Disk. 4. Hinge pin plug. 

5. Body. 

Fig. 18. Check Valve. 
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needle valve is to help regulate the flow of special oil through 
the manifold. 

(2) Components of the valve are shown in figure 19. 
The amount of special oil which this valve will pass is deter- 
mined by the position of the stem inside the valve body. At the 
factory this stem is set so that the valve permits the passage 




1. Top. 4. Stem. 

2. Bushing. 5. Body. 

3. Gland. 6. Adapter. 

7. Adapter nut. 

Fig. 19. Fixed Needle Valve. 

of 70 gallons of special oil per hour at room temperatures. Ad- 
justments may be made by turning the stem, this operation be- 
ing accomplished by means of a regulating key which is found 
in the tool box on the frame of the mechanical smoke generator. 

m. Hand -regulating needle valve. (1) This valve func- 
tions in conjunction with the fixed needle valve to regulate the 
flow of special oil through the manifold. 
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(2) Components of the valve are shown in figure 20. 
Maximum operation of the smpke generator demands the pas- 
sage through the manifold of 100 gallons of special oil an hour. 
The fixed needle valve, as originally set, permits the passage 
of only 70. Proper adjustment of the hand -regulating needle 
valve allows a maximum of 30 more gallons to pass. This ad- 
justment is accomplished by turning the hand -wheel. 

n. Quick -opening valve. (1) The function of the spec- 
ial oil quick -opening valve is to regulate the passage of special 
oil from the manifold into the coil assembly. 

(2) Components of the special oil quick -opening 
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Handwheel. 
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Stem. 




7. Body. 





Fig. 20. Hand -regulating Needle Valve. 
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live are shown in figure 21. The construction of this valve is 
.milar to that of the gate valve on the special oil suction line. 
LStead of the disk of the valve being raised or lowered to open 
r close the valve, however, it swings on a stem. 




1 . 


Lever nut. 


5. 


Stem. 


2. 


Packing nut. 


6. 


Disk. 


3. 


Gland. 


7. 


Cap. 


4. 


Stuffing box. 


8. 


Body. 



Fig. 21. Quick-opening Valve. _ 

7. WATER SYSTEM, a. Definition. The water system 
onsists of all piping and devices directly involved in making 
ossible and controlling the flow of water from the water sup- 
ly tank to the coil assembly. 

b. Piping. The piping which carries water from the 
rater supply tank to the water coil is diagrammed in figure 22. 
: consists of five main sections: 

(1) Suction line. This extends from supply tank tc 

ump. 



27 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 3-380 
7 



' CHEMICAL WARFARE SERVICE 



(2) Discharge line . This extends from the pump to 
a 1/2 -inch union at the base of the water manifold. 

(3) Accumulator extension. This extends from a 
1/2 -inch tee on the discharge line to the accumulator. 

(4) Manifold. This name is given to all water pip- 
ing between the termination of the discharge line and the water 
coil. 



(5) Return line. This extends from a 1/2 -inch tee 
on the discharge line, as shown in figure 22, back to the supply 
tank. 



c. Flow. Taking suction from the supply tank, the pump 
draws water through the suction line and then discharges it into 
the discharge line from whence it flows through the accumula- 
tor extension into the base of the accumulator. In about 3 min- 
utes enough water accumulates to produce at the top of the ac- 
cumulator an air cushion of such force that the water is driven 
up the vertical section of the discharge line into the manifold 
from whence it travels into the coil assembly. On the manifold 
are a number of devices designed to limit the amount of water 
which may reach the coil. Excess water over and above that 
stored in the accumulator by-passes to the supply tank by way 
of the water peturn line. 

d. Other water system devices. (1) The locations of 
all other devices involved in making possible and controlling 
the flow of water are shown in figure 23. 

(2) Some of the devices on the water system are 
practically the same in function and construction as devices 
bearing the same names on the special oil system. For this 
reason the following water system devices need not be describ- 
ed in detail: supply tank, gate valve, relief valve, return line 
check valve, and quick -opening valve. Each of the other devices 
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is described in terms of its function and components in the im- 
mediately following paragraphs. 

e. Filter. (1) The function of the filter is to remove 
and retain dirt before water passes into the pump. 







1. 


Head. 


4. 


Gasket. 


2. 


Screws. 


5. 


Element. 


3. 


Washers. 


6. 


Shell. 



Fig. 24. Water Filter. 

(2) Components of the water filter are shown in fig- 
ure 24. The filtering element is a tubular body of bleached cot- 
ton yarn. The yarn is wound on a wire mesh tube so as to form 
a honeycomb of deep tapered tunnels. As each layer is wound, 
a thin screen of parallel fibres is drawn across each layer of 
yarn, producing a series of interlaced filter sheets, each of 
which is locked into place by the subsequent layer of yarn. A 
filter wall thickness of approximately 1/2 -inch is thus attained. 
Water being drawn through these funnels from the outside to the 
inside of the tube passes through a manifold series of filter 
sheets which remove and retain sediment. 

f. Pump. (1) The function of the pump is to deliver 
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Fig. 25. Water Pump. 
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1. Bearing cage. 

2. Ale mite fitting. 

3. Screw. 

4. Packing gland caps. 

5. Studs. 

6. and 7. Nuts. 

8. Screws. 

9. and 10. Packing gland assembly. 

11. Packing box housing. 

12. Screws. 

13. Backplate. 

14. Flanged bearing bushing cams. 

15. Pipe plug. 

16. Drive shaft. 

17. Key. 

18. Faceplate. 

19. Flanged bearing bushing cams. 

20. Screws. 

21. Case. 

22. Left-hand spiral cam and shaft. 

23. Right-hand spiral cam and shaft. 

24. Screws. 

25. Flat washers. 

26. Lock washers. 

27. Nuts. 

28. Pulley. 

29. Allen head set screw. 
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water throughout the system. 

(2) Components of the pump are shown in figure 2c 
It is a rotary gear -type pump. 

g. Water discharge line check valve. (1) The chie: 
function of this valve is to make possible the flushing and cleans- 
ing of the coil assembly following each run of the generator. 

(2) Constructed similarly to the check valves on the 
special oil and water return lines, the valve is arranged to pass 
water discharged from the pump, but to prevent the passage c: 
water flowing from the accumulator. Water flows from the ac- 
cumulator whenever the water pump is shut down. Blocked by 
the discharge line check valve, much of this water is forced up 
into the water manifold, from there into the coil assembly, and 
from there into the atmosphere through the spray nozzle mani- 
fold. 



h. Accumulator. (1) The principal function of the ac- 
cumulator is to provide compressed air to drive water through 
the water manifold in an amount compatible with the needs of 
the generator. 

(2) Components of the accumulator are shown in fig- 
ure 26. The gage shows the height of water in the accumulator. 

i. Water manifold strainer. (1) The function of this 
part is to remove dirt prior to the passage of the water through 
the orifices. 

(2) It is similar in construction to the screen -type 
strainers used on the special oil system. 

j. Orifices A and B. (1) In conjunction with the water 
quick -opening valve these orifices limit the amount of water 
which may pass to the coil assembly. Each orifice is built to 
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permit the passage of about 6 gallons per hour. 

(2) Components of water orifices are shown in fig- 
ure 27. 

8. FUEL OIL SYSTEM, a. Definition. The fuel oil sys- 
tem consists of all piping and devices involved in the flow and 
ignition of fuel oil. 

b. Piping. The copper tubing which carries fue] oil 
from the fuel oil supply tank to the atomizing nozzle body in- 
side the air tube of the fuel oil burner is diagrammed in figure 
28. It consists of five main sections: 

(1) Suction line. This extends from the supply tank 
to the pump. 

(2) Discharge pipe . This extends from pump to 
pressure regulating valve. 

(3) Outer discharge tubing. This extends from base 
of pressure regulating valve to shut-off valve. 

(4) Inner discharge tubing . This, running inside the 
air tube of the fuel oil burner, extends from shut-off valve to 
atomizing nozzle body. 

(5) Return line. This extends from a 3/8 -inch adap - 
ter elbow (figure 28) on the discharge pipe back to the supply 
tank. 



c . Air supply. The air necessary for combustion of the 
fuel oil Is drawn into the burner fan past the air control plate 
in the guard and pump assembly and forced under pressure into 
the air tube and combustion head assembly where it mixes with 
the fuel oil at the atomizing nozzles. Combustion is completed 
in the firebox. 
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1. Flanges. 3. Bolt. 

2. Orifice. 4. Washer. 

5. Nut. 



Fig. 27. Orifices. 
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Fig. 28. Fuel Oil System Piping. 
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Fig. 29. Other Fuel Oil System Devices. 
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d. Flow. Taking suction from the supply tank, the pump 
draws fuel oil through the suction line and then discharges the 
oil into the discharge pipe. In the discharge pipe the oil flows 
to the pressure regulating valve. This valve permits only a 
portion of the oil to pass, excess oil by -passing to the supply 
tank through the fuel oil return line. Such oil as passes the 
pressure valve continues through the inner and outer discharge 
tubings and the atomizing nozzle body to the two atomizing noz- 
zles where it is atomized - that is, converted to spray - and 
where it mixes with air from the burner fan to form a fuel oil 
spray -air mixture known as the burner mixture. As this mixture 
emerges from the nozzles into the firebox it is ignited by a spark 
between two electrodes. These electrodes are located so that 
the spark is just above but not in the emerging burner mixture. 

e. Other fuel oil system devices. The location of all 
other devices pertinent to the functioning of the fuel oil system 
is shown in figure 29. Some of these devices are similar in 
build and function to special oil system devices bearing the same 
names. For this reason no detailed description is needed of the 
supply tank, gate valve, and check valve. It. should be noted fur- 
ther that the fuel oil filter is similar in build and function to the 
filter on the suction line of the water system. (See fig. 30.) 
Each of the other devices is described in terms of its function 
and parts in the immediately following paragraphs. 

_f. Pressure regulating valve. (1) The function of this 
valve is to regulate the pressure of the fuel oil as it enters the 
discharge tubing which leads into the burner. This is neces- 
sary for the reason that the atomizing nozzles inside the burner 
can atomize only 7.5 gallons of fuel oil per hour at 130 pounds 
per square inch operating pressure. 

(2) Components of the valve are shown in figure 31. 
It is a single adjustment, bellows actuated, needle valve with 
a pressure range of 75 to 150 pounds per square inch 
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1. Head. 

2. Screw. 

3. Washer. 



4. Gasket. 

5. Tube and core. 

6. Shell. 



Fig. 30. Fuel Oil Filter. 



g. Shut-off valve . (1) The function is to regulate flow of 
fuel oil from outer discharge tubing into inner discharge tubing. 

(2) Components of the valve are shown in figure 32. 
On magneto -ignition generators the valve is adjusted with a key 
rather than with the hand -wheel shown. On either model the 
shut-off valve is a needle valve, similar in build and operation 
to the fixed needle valve on the special oil manifold. 

h. Pump . The pump is a rotary, internal gear type with 
acapacity of approximately 18 gaHons per hour at 1,800 revolu- 
tions per minute and 130 pounds per square inch. (See figs. 33 
and 37.) 



L Burner. (See fig. 34.) (1) The function of the burn- 
er is to atomize and ignite the fuel oil. 



41 



)iqiiized by GoOqIc 

o 



Original from 

UNIVERSITY OF CALIFORNIA 



TM 3-380 
8 



CHEMICAL WARFARE SERVICE 



\ 




B 2 

jr* O 
CO 



w 

Pi 

w 

I 



bO 

ft 

<D 

ft 

S 



• • • • 
t- GO 03 O 

H i— I i — I 03 




CO CO 



d> 

£ 

> 



K** 

Q Oj 
Q 0 



( 1 ) 

CO 

cti 



«mO 



OJOhW 



o 

o 



•r* CO 

ag 

ca > 



a) 

CO 

a 



LO CD t> CO 



5§ 



bO 

Pi 



O, S 4J 

£ 5 



H N CO ^ 



42 



Digitized by GoO^lc 



Original from 

UNIVERSITY OF CALIFORNIA 



Fig. 31. Pressure-regulating Valve. 




MECHANICAL SMOKE GENERATOR, Ml 



TM 3-380 
8 



0 




24. Wheel nut. 

25. Hand wheel. 

26. Stuff nut. 

27. Follower. 



28. Stem. 

29. Seat. 

30. Body. 

31. Close nipple. 



Fig. 32. Shut-off Valve. 
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Fig. 34. Burner. 



parts: 



(2) The burner may be said to consist of three mai 

(a) Fan assembly. (See fig. 36.) 

(b) Combustion head assembly. (See fig. 38.) 



(c) Air tube. (See fig. 39.) 

(3) As previously noted, it is the function of the 
burner fan to drive air into the combustion head assembly where 
it mixes with fuel oil spray at the atomizing nozzles to effect 
combustion. 

(4) The air tube holds the inner discharge tubing 
and the combustion head assembly. Air goes through the tube 
to the combustion head. 
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(5) To reach the atomizing nozzles, fuel oil passes 
through the nozzle pipe and body. Inside the pipe is a screen 
which removes dirt from the oil before it reaches the nozzles. 
Air, coming through the tube, flows into the combustion head, 
thus reaching the nozzles, where it mixes with the incoming fuel 
oil. The electrodes provide the spark necessary to ignite the 
resulting burner mixture as it emerges from the nozzles into 
the firebox at the base of the furnace. 




1. Collar. 

2. Set screw. 

3. Drive shaft. 

4. Fittings. 



5. Attaching screw. 

6. Lock washers. 

7. Outboard bearing and 

bushing assembly. 



Fig. 35. Burner Outboard Bearing and Shaft. 



45 



Digitized by 



O 



Original from 
UNIVERSITY OF CALIFORNIA 



TM 3-380 CHEMICAL WARFARE SERVICE 

8 




46 



\ 



Digitized by vi 



oogle 



Original from 
UNIVERSITY OF CALIFORNIA 



MECHANICAL SMOKE GENERATOR, Ml TM 3-380 

8 




= Cl) 






I 

<NJ 

X 

00 

\ 

CO 



I 

£ 

CD 



o* 

ex 

•a 



a” 

d oo 
oo 



& 

a 



° * 

1 s 

P4 $ 



CO 



^ W CO 



£ 

< 1 ) 

d 

O 

CO . 
+■> $ 

ho 

d *d 

a 2 

a -g 

d d 
o o 

U O 



£ 

CD • 
d ho 
O d 
W -g 

hO cx 
d w 

w £ 
A CD 
•d, d 
T3 O 
cti W 

CD CD 

3 3 

(X cx 



£ 



d 

. CD 

d! ^ $ £ 
o o ^2 o 
O O £ O 



i—l r— 1 Li 

O O 5 

d d 



O OO 05 O H N 




H CM CO ^ CO CO 



47 



Original from 

UNIVERSITY OF CALIFORNIA 



Fig. 37. Pump and Guard Assembly. 



TM 3-380 CHEMICAL WARFARE SERVICE 

8 




48 



Digitized by GoO^lc 



Original from 
UNIVERSITY OF CALIFORNIA 



irriVvu nt:i or» Asr.ornhly . 



MECHANICAL SMOKE GENERATOR, Ml 



TM 3-380 
8 



73 

O 

$H 

U 

0 



O 



d 

d 

U 

o 



kO 

f — 1 










• 




•rH 


O 


0 


d 


rQ 










CO 






0 


0 


0 


a 










0 
r- H 

N 




p 


d 

d 


d 

d 


0 

Ci 


0 










tg 






0 


O 


0 


co 

CO 

d 










O 

d 


>> 


0^ 


0 

0 


O 

0 


CO 

0 


m 










ho 


73 

o 


CL 


a 


CL 


CL 


uy 

73 












rQ 


•rH 

CL 


•H 

CL 


•H 

CL 


•rH 

CL 


O 

Ci 


0 


73 


> 


c. 

0 


rH 

*N 


0 
f— 1 


0 
r— 4 


0 
r— H 


0 
1 — i 


0 
< — i 


4— > 

o 

0 
r— i 


> 

0 

0 


i— H 
0 

3 


0 

d 

Q 


rd 

CO 


o 

4-> 


N 

Cs3 

O 


N 

tsl 

0 


Cd 

tSJ 

0 


IS] 

IS] 

0 


tSJ 

IS] 

0 


W 


CO 


w 


CO 


£ 




£ 


53 


53 


53 


53 


cxi 


CO 




LO 


CO 


o- 


00 


a> 


0 


t-H 


cd 


7— 1 


7“ H 


7— 1 


t-H 


1 — 1 


7— 1 


t-H 


t-H 


Cd 


Cd 


Cd 



hO 

•rH 

rQ 

C* 

4 -> 

0 

ho 

lJ -m 

S cd 

rd 

o o 

“ 03 
T3 ^ 



£ 

•g ^ s 

U rQ O 

■ co 



CD 

d 



d 

4 ~> 

d 



Cl 

w CD 

^ d O ^ 

d> -H d M 



.2 ^ 



§ -a 



Jh 

CD 

rd 

in 

d 



d 

£ 



& 

CD 

C. 

CJ 

CO 

4 -> 

$ 



*H 

CD 

73 

•rH 

cl 

CO 

4 -> 

0 

o 

cti 

Cl 

rO 

0 

rQ 

d 



73 

O 

Cl 

d 

4 — > 

CQ 



£ 

0 

Cl 

O 

CO 

4 -> 

0 

CO 



d 
o 

£ 

*a „ 

bO 



Cl 

0 

73 



73 

rt 

0 

fl 

o 

•rH 
4— > 

CO 

! 

o 



M O 



528267 0 - 43 -4 



i—l Cd CO "'nT 1 lO CO C"*- CO oz CO t-H 



49 



Digitize* 



tf by Google 



Original from 

UNIVERSITY OF CALIFORNIA 



TM 3-380 CHEMICAL WARFARE SERVICE 

8 




1. Air tube assembly, less cover. 

2. Air tube screw. 

3. Air tube adapter compression 

coupling (to nozzle pipe). 

4. Air tube adapter. 

5. Ignition wire spacer screw. 

6. Bushing spacer wire. 

7. Ignition wire spacer screw 

8. Ignition wire spacer bushing. 

9. Cover screw. 

10. Cover. 

11. Cover screw. 

Fig. 39. Air Tube. 
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9. HEATING SYSTEM, a. Definition. The heating system 
consists of the furnace (fig. 40) and other devices immediate- 
ly involved in the heating, super -heating, and final passage of 
special oil and water for the purpose of creating smoke. 

b. Smoke formation . (See also par. 4 above.) As pre- 
viously explained, special oil enters the furnace at the injector 
of the coil assembly inside the furnace shell. Water enters the 
furnace at the water coil inlet and is heated by the firebox as 
it flows through the water coil. Meeting the cold special oil at 
the injector, the vaporized water disperses finely throughout 
the oil From the injector the special oil -vapor mixture flows 
through the special oil -vapor coil and is super -heated in the 
firebox. The super -heated mixture escapes through the spray 
nozzle manifold into the air where rapid chilling condenses it 
into smoke. 

c. Furnace shell. (1) Function of the furnace shell is 
to insulate the firebox and coil assembly. 

(2) The insulating materials used in the furnace shell 
are shown in figure 41. 

d. Firebox. The firebox serves as a combustion cham- 
ber for the ignited burner mixture entering through the atom- 
izing nozzles in the combustion head of the burner. Function of 
the burning mixture is to heat and super -heat the special oil and 
water flowing through the coil assembly above. 

e. Coil assembly. The coil assembly parts are shown 
in figure 42. They are: 

(1) 33 feet of 1/2-inch piping constituting the water 

coil. 

(2) 140 feet of 1-inch piping constituting the spec- 
ial oil -vapor coil. 
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Fig. 40. Furnace. 
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Fig. 41. Furaace Shell. 
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(3) The injector, where cold special oil and hot va- 
porized water are mixed. 

(4) The spray nozzle manifold. The manifold is at- 
tached to the furnace at the outlet of the coil assembly. It is a 
3/4 -inch pipe bent in an arc to approximate the contour of the 
furnace shell. In the arc are 10 spray nozzles, each having a 
bell -shaped hole of 3/16 -inch diameter. 

10. CONTROL SYSTEM, a. Definition. The control sys- 
tem consists of those devices directly involved in providing pow- 
er for and controlling the operation of the mechanical smoke 
generator. 

b. General. (1) The smoke generator is driven by a 
single -cylinder gasoline engine to which all pumps and the fuel 
oil burner are attached by means of a take-off shaft extending 
from the engine driveshaft. Operation of the engine is init- 
iated by an electric starting motor which derives its power from 
a 6 -volt battery Putting the engine in full operation not only 
starts all pumps and the burner fan, but also generates the spark 
between the two electrodes in the combustion head assembly of 
the burner. In other words, the rotation of the pumps and the 
burner fan and the production of flame in the firebox begin at 
one and the same time. 

(2) The effective production of smoke requires that 
the flame in the firebox be of such intensity as to heat the coil 
assembly above to a minimum of 875 degrees Fahrenheit. Fur- 
thermove, successful operation of the machine requires that no 
special oil be permitted in the coil assembly until the coil has 
attained a certain minimum temperature. What this tempera- 
ture is depends upon which of two operating procedures is be- 
ing used. These operating procedures are described in para- 
graphs 13, 14, and 19. 

(3) It requires from 3 to 6 minutes of operation 
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for the smoke generator to "warm up" - that is, for the coil as- 
sembly to attain the minimum temperature at which it is safe 
to pass special oil into the coil. This is known as the "start - 
stop" period of operation. During this period the control lever 
on the generator control panel (fig. 44) must be kept in the "start - 
stop" position as labeled on the control panel. When the dial 
thermometer reaches the appropriate minimum, the control 
lever is pulled down to the "run" position. Lowering the control 
lever to the "run" position permits special oil to enter the coil 
assembly and initiates what is known as the "run" of the machine. 
Once the "run" is started, the temperature, as registered on the 
thermometer, rises rapidly to the 875 minimum required for 
the production of "good smoke." Throughout the run, the tem - 
perature must not be allowed to fall below 875 degrees Fahren- 
heit or to rise above 925 degrees Fahrenheit. 

(4) For purposes of description the control system 
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may be divided into four subsidiary units. These are: 

(a) Engine. 

(b) Ignition. 

(c) Generator control panel. 

(d) Pressure gages. 

The manner in which these subsidiary units work and a descrip- 
tion of their chief components will be found in the immediately 
following paragraphs. 

c. Engine. (1) The engine is a single -cylinder, 4 -cycle, 
internal combustion engine, fueled with gasoline and started by 
an electric starting motor energized by a 6 -volt battery. In 
operating principle it is similar to the engines used in standard 
automobiles. Readers unfamiliar with such engines are refer- 
red to TM 10-570. 

(2) The engine, with some of its main components 
labeled, is shown in figure 45. It will be noted that there ex- 
tends from the engine a take-off shaft. This shaft runs into the 
burner, first through a friction clutch and then through an out- 
board bearing, the driveshaft thrust collar of which is bolted 
to the burner fan housing. The friction clutch is automatic. It 
engages when the engine speed exceeds the idling speed and by 
so doing causes the take -off shaft to rotate. The outboard bear- 
ing supports the shaft. (See fig. 35.) 

(3) To the take -off shaft the special oil pump, water 
p um p, fuel oil pump, and burner fan are so attached that when 
the shaft rotates all four begin operation simultaneously. The 
special oil and water pumps are attached to the shaft by means 
of pulleys and belts, the fuel oil pump and burner fan by means 
of a flexible steel and rubber coupling at the burner end of the 
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1. Gasoline tank. 

2. Control panel. 

3. Oil bath air cleaner. 



4. Carbureter. 

5. Starting motor. 

6. Clutch. 



Fig. 45. Engine. 
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(4) The gasoline tank is attached directly to the en- 
ie. It holds 2-3/4 gallons which will operate the engine con- 
Luously for 8 hours. 

(5) The engine is of the 4 -cycle type, each of the 
ur operations - suction, compression, expansion, and ex- 
ust - requiring a complete stroke, or a total of two revolu- 
>ns of the crankshaft. 

(6) The proper combustible mixture of gasoline and 
r is furnished by the carburetor. 

(7) The spark for ignition of the mixture is furnish - 
. by a high tension magneto fitted with an impulse coupling. 

starting the engine and for generation of the engine spark, 
6 -volt battery, a generator, and an electric starting motor 
[uipped with a solenoid switch are provided. 

(8) Lubrication is of the splash type. A plunger 
Lmp maintains the oil level in a trough under the connecting 
>d. 



(9) Cooling is accomplished by a flow of air circu- 
ted over the cylinder and heads by a combination fan -flywheel 
Leased ' in a sheet metal air shroud, the air being directed by 
icts and baffle plates to insure uniform cooling of all parts. 

(10) Engine speed is controlled by a centrifugal (fly- 
1.11 type) governor, which in turn is regulated by the throttle, 
ef ore the engine is started, the governor holds the carburetor 
irottle valve wide open. But as soon as the engine is started 
ie governor regulates the speed at the predetermined number 
: revolutions per minute. This is done through an adjusting 
:rew and spring attached to the governor control lever, whicl 
i turn is connected by means of the governor control rod anc 
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the throttle stem and lever to the carburetor throttle valve. Ta 
governor spring is adjustable for various engine speeds - th< 
greater the tension on the governor spring the higher the engin 
speed. Three holes are provided in the governor lever for th 
spring, and on "the engines used on the smoke generator th 
spring should be hooked into the inner hole. (See fig. 47.) 



(11) The starting of the engine is initiated by mean 
of devices on the engine control panel. (See figs. 54 and 55. 




Fig. 46. Throttle and Choke. 



The supplying of fuel to the engine and the movement of the con* 
trol lever are controlled by the choke and throttle, which are 
located as shown in figure 46. 

d. Ignition parts. (1) The ignition system of a trans- 
former-ignition model smoke generator is diagrammed in fig J 
ure 48. (See also fig. 49.) The ignition system of the magneto^ 

60 



Digitized by 




Original from 
UNIVERSITY OF CALIFORNIA 




MECHANICAL SMOKE GENERATOR, Ml TM 3-380 

10 





CO ^ Ifl to > 



w 

CD 



CD 

o 

o 



. a a 
8 U U 
3 p. p. S 

M o O £ 



w w 



CL) 



*? *■* *-• ™ 

5J cd oi 2 +j 

^ <D 0) S ^ 

CQ o o £ a 



o co O) o h 



• > 
•g. q> 

•rH CQ 
0) 



f-i 

CD 

hO 



3 g &S §13 

$ 2 E $ S 6s 



H N CO ^ lO tO 



61 



Diqilized by GOOQI0 

O 



Original from 

UNIVERSITY OF CALIFORNIA 



12. Lever fulcrum pin. 18. Control rod. 

19. Control rod cotter pin. 

Fig. 47. Governor. 
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ignition model generator is similar. The differences between 
the two are described in the immediately following paragraphs. 

(2) The ignition system on both transformer and 
magneto -ignition generators -is set in operation by means of the 
starter button and the ignition switch, these being located on the 
engine control panel. The ammeter, also located on the engine 
control panel, registers amperage of the battery and shows whe- 
ther the battery is charging or discharging. A dash light on the 
panel facilitates night operations. 

(3) Every smoke generator - whether a transform- 
er-ignition model or a magneto -ignition model - is equipped 
with an engine generator, a 6 -volt battery, a starting motor 
equipped with a solenoid switch, a reverse current relay, an 
A -B relay for the thermometer cut-out contact, a circuit break- 
er, and a high tension engine magneto. 

(4) Transformer -ignition models are equipped also 
with a transformer, the function of which is to provide the spark 
for igniting the burner mixture. On transformer -ignition models 
the engine generator is designed to furnish 110 volts of alter- 
nating current to energize the transformer and from 6 to 8 volts 
of direct current for charging the battery. 

(5) On magneto -ignition models the spark for ignit- 
ing the burner mixture is supplied not by a transformer but by 
a second magneto, which is belted to the engine take-off shaft 
and which is known as the burner magneto. The burner magneto 
is not energized by the engine generator; it is driven by a belt 
directly from the engine take-off. On magneto -ignition models 
the engine generator has only one function: it furnishes from 
6 to 8 volts of direct current for charging the battery. 

(6) The circuit breaker is a regulating and protec- 
tive device. It automatically closes the circuit between engine 
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generator and battery when the generator voltage rises above 
that of the battery. It automatically opens the circuit when the 
generator voltage falls below that of the battery. 

(7) The function of the relay is to protect the coils 
of the smoke generator from overheating. It functions in con- 
nection with the cut-off contact on the dial thermometer. At- 
tached to the underside of the pointer on the dial thermometer 
is a thin rod known as the "catwhisker." When the dial pointer 
reaches the unsafe temperature level of 1,050 degrees Fahren- 
heit, the "catwhisker," which travels with the pointer, makes 
contact with the cut-off contact. This magnetizes a spark coil 
in the relay in such a way as to break the ignition circuit and 
completely shut down the operation of the generator. (See also 
par. 10 e following.) 

e. Ignition wiring for transformer -ignition model. (1) 
The wiring system of a transformer -ignition model generator 
is diagrammed in figures 48 and 49. 

(2) A conductor runs from the 6 -volt battery, the 
negative pole of which is grounded to the frame of the smoke 
generator, to the solenoid switch. (See fig. 50.) Another con- 
ductor leads from the solenoid switch to the starting motor. 
(See fig. 120.) 

(3) Another conductor runs from the solenoid switch 
to the starter button on the engine control panel and from thence 
to the ammeter on the panel. A third conductor from the sol- 
enoid switch leads directly to the ammeter 

(4) A conductor leads from the ammeter to the cir- 
cuit breaker. (Fig. 51.) The circuit breaker normally is open. 
It is closed by an electro -magnet energized by the engine gen- 
erator when the engine speed reaches approximately 1,300 re- 
volutions per minute. Without this element the battery would 
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Fig. 50. Solenoid Switch. 
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quickly run down. 

(5) From the circuit breaker one conductor leads 
through a 4 -ohm resistor to the engine generator, from which 
two conductors lead through a step -up transformer (110 to 10,000 
volts) to the electrodes in the combustion head assembly of the 
burner. 



(6) Another conductor from the circuit breaker leads 
to the relay. (Fig. 52.) 

(7) From the relay one conductor leads to the dial 
thermometer and ground, and another through the generator con- 
trol panel dash light to a ground on the generator frame. 

(8) Still another conductor from the relay leads to 
the engine magneto and thence to the engine spark plug. 




Fig. 53. Ignition Parts, Transformer-ignition Model. 
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1. Panel. 

2. Ammeter assembly. 

3. Switch assembly 

- grounding assembly. 



4. Switch assembly 

- magneto. 

5. Dash lamp. 



Fig. 54. Engine Control Panel, Rear View. 



(9) The ignition switch on the engine control panel 
also is connected through the engine magneto to the spark plug. 

(10) When the ignition switch is turned on and the 
starter button depressed, direct current flows from the battery 
through the solenoid switch and starting motor, thus starting 
the engine. When the engine reaches 1,300 revolutions per min- 
ute the automatic clutch is engaged, the pumps begin to function, 
and alternating current flows from the engine generator through 
the transformer to the electrodes. 

(11) The spark plug is energized by the engine mag- 
neto. 
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(12) As previously explained, the engine generator 
recharges the battery through its direct current output. This 
output - 15 to 18 volts - is reduced by the 4 -ohm resistor to 
about 6 to 8 volts flowing through the circuit breaker and am- 
meter to the battery. 



(13) When the dial thermometer pointer reaches 1,050 



1. Dial thermometer. 

2. # Spray nozzle 

pressure gage. 

3. Control lever. 

4. Dash light. 

Fig. 55. Generator Control 
Panel, Front View. 



degrees Fahrenheit and the "catwhisker" makes contact with the 
cut-off contact and closes the circuit, the relay is actuated and 
the engine magneto ceases to function, with the result that no' 
spark is produced. 



(14) The solenoid switch operates as follows: when 
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Fig 56 Generator Control Panel, Rear View. (See opp. 
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the starter button is depressed a magnet is energized, drawing 
in the plunger ancfclosing the circuit between battery and start- 
ing motor. 

_f. Generator control panel . (1) A front view of the gen- 
erator control panel is shown in figure 56. On this panel are 
the dial thermometer, the spray nozzle pressure gage, and the 
generator control lever. There is no spray nozzle pressure 
gage on some machines. Where this gage has been eliminated, 
the spray nozzle pressure gage piping has been removed and a 
pipe plug put in the tapped hole on the spray nozzle manifold. 

(2) Function of the thermometer is to register the 
temperature of the special oil -vapor mixture - that is, of the 
"smoke" - at the spray nozzles in the spray nozzle manifold. 
The dial is connected to the spray nozzle manifold by means of 
a mercury-filled tube which runs from the dial to an instrument 
bulb embedded in the three pipe nipples at the center of the- man- 
ifold. During the run of the generator the operating range is 
875-925 degrees Fahrenheit, and the dial reading should be 
kept within this bracket. 



Nomenclature for Figure 56. 



6. 


Control lever. 


11. 


7. 


Connecting links. 


12. 


8. 


Link pin. 


13. 


9. 


Cotter pin. 


14. 


10. 


Washer. 


15. 



Quick -opening valve lever. 
Spring. 

Cap screw. 

Lock washer. 

Nut. 
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(3) The spray nozzle pressure gage registers the 
pressure of the special oil -vapor mixture at the spray nozzles, 
being attached to the latter by an iron piping. 

(4) The control lever is attached to both the special 
oil quick -opening valve and the water quick -opening valve by 
means of a lever and two handles linked together and supported 




Fig. 57. Pressure Gages. 



by a spring on the rear of the generator control panel. (See fig. 
57.) By means of this lever attachment the control lever oper- 
ates both valves at one and the same time. When placed at 
"start -stop," the lever OPENS the water quick -opening valve, 
thus letting water pass through BOTH water orifices (A and B), 
and CLOSES the special oil quick -opening valve, thus prevent- 
ing the passage of special oil to the coil assembly and forcing 
it instead to return to the special oil supply tank by way of the 
special oil return line. When placed at "run," the control lever 
CLOSES the water quick -opening valve, thus closing water ori- 
fice B, and OPENS the special oil quick -opening valve to permit 
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i passage of special oil to the coil assembly. When the con- 
>1 lever is at "start -stop” approximately 12 gallons of water 
:er the coil assembly per hour, each water orifice being de- 
nned to pass 6 gallons; no special oil enters the assembly, the 
Lck: -opening valve on the oil manifold being closed When the 
ntrol lever is lowered to "run" the closing of water orifice B 
ts the flow of water into the coil to 6 gallons per hour, while 
s opening of the special oil quick -opening valve permits from 
to 100 gallons of special oil to pass into the coil per hour. 

(5) A small dashlight on the generator control panel 
militates observation of the thermometer during night opera - 
ms. 



g. Pressure gages. (See fig. 58.) In addition to the 
ray nozzle pressure gage on some generator control panels, 
e generator is equipped with four other pressure gages. The 
el oil pressure gage, located on the burner fan housing, shows 
e pressure of oil passing through the outer discharge tubing 
to the burner. A special oil pressure gage, located on the 
anifold, shows the pressure of special oil prior to its passage 
rough the manifold valves. A water pressure gage, located 
. an extension on the outer side of the water manifold, shows 
e pressure of water just prior to its passage through the ori- 
:es. A coil pressure gage, located on the water manifold just 
iove orifice A, shows the pressure of water passing into the 
>il assembly. 

11. ACCESSORIES, a. Tool box. A tool box is permanent - 
attached to one of the lower floor plates on the frame of every 
inerator. It should contain: 

1 - Manual on operative and maintenance. 

1 - Special key for adjusting the fixed needle valve. 

(This key is sometimes found wired to the special 
oil manifold.) 
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1 - Pliers, 6". 

1 - Screwdriver, 7". 

1 - C rescent -type adjustable wrench, approximately 8' 
long. 

1 - Combination wrench for opening barrels. 

1 - Hydraulic grease gun, 3-oz. 

1 - Burner atomizing nozzle. 

1 - Spray nozzle. 

1 - Oil can. 

1 - Ball peen hammer. 

2 - Open-end wrenches, 1/2" and 19/32". 

1 - Electrode spacing gage. 

1 - Padlock and keys. 

b. Other accessories . The generator is equipped also 
with one funnel, for which a permanent support is supplied on 
the right side floor plate of the frame; one 1 -inch x 1 -1/ 4 -inch 
x 5 -foot special oil level gage, which is graduated in 1/8 -inch 
increments and which is usually stored on top of the supply 
tanks; and a key for the fuel oil shut-off valve, which usually is 
attached to the piping near the valve. 
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OPERATION 



Paragraph 



General 12 

Warming up generator in "Start -Stop" position. ... 13 

Running generator in "Run" position 14 

Shutting down and restarting 15 

Test -running the generator 16 

Nursing generator during run 17 

Starting the engine 18 

Adapting generator to use approved operating 

procedure ; 19 



12.- GENERAL, a. Procedures. The steps which must be 
taken to operate the mechanical smoke generator effectively 
are described in paragraphs 13 and 14. By making certain ad- 
justments on the machine and by utilizing an improved operating 
procedure, the time required to produce smoke can be mater- 
ially shortened. These adjustments together with the improved 
operating procedure are described in paragraph 19. — 

b. Chief difference. The chief difference between the 
operating procedure described in paragraphs 13 and 14 and the 
improved procedure described in paragraph 19 has to do with 
the point at which it is safe to shift the control lever from 
"start -stop" to "run" and permit special oil to enter the coil as- 
sembly. When the machine is being operated as described in 
paragraphs 13 and 14 the control lever must not be shifted to 
"run" until the dial thermometer reads 700 degrees Fahrenheit, 
except in very cold climates where it should be shifted to "run" 
when the thermometer reads 500 degrees Fahrenheit. When the 
improved operating procedure is used the control lever must 
always be shifted to "run" so soon as the thermometer reaches 
500 degrees Fahrenheit. 
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c. Policy. It is advocated that at installations where 
smoke generators have been in use for some time, the adjust- 
ments described in paragraph 19 be made on all machines and 
the improved procedure be employed. Smoke generator com- 
panies receiving new machines should adjust them immediately 
and use the improved operating procedure. 

13. WARMING UP GENERATOR IN "START -STOP" POSI- 
TION. a. First operating step. The first step in operating the 
generator is to warm it up in order to heat the coil assembly to 
the point where special oil may be passed into it safely. 

b. Procedure. To warm up the generator in the "start - 
stop" position, take the following steps in the order listed: 

(1) Fill the special oil supply tank to capacity. 

(2) Fill the fuel oil supply tank to capacity. 

(3) Fill the water supply tank to capacity. 

(4) Fill the gasoline tank to capacity. 

(5) Make certain tfyat the special oil hand -regulat- 
ing valve is CLOSED. (See fig. 58.) 

(6) MAKE CERTAIN THAT THE CONTROL LEVER 
ON THE GENERATOR CONTROL PANEL IS AT "START -STOP." 

(7) OPEN ALL THREE GATE VALVES. (To open a 
gate valve, FACE the wheel and turn it toward the left - that 
is, always turn it counter-clockwise. On some generators this 
wheel is reached through a hole in the floor plate behind the sup- 
ply tank. (See fig. 59.) On others the gate valve wheels extend 
above the floor plate.) 

(8) Place throttle in idle position. (To do this, push 
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Fig. 58. Closing Special Oil 
Hand -regulating Valve. 



Fig. 59. Opening 
Gate Valves. 




it up a trifle, but not so far as completely to release the throttle 
lever on which it rests - only far enough to permit the engine 
to idle.) (See fig. 60.) 

(9) Push the choke down to the "CL" (closed) posi- 
tion. (See fig. 61.) The choke will release automatically when 
the engine starts. 

(10) Open the carburetor feed valve on the glass 
strainer under the gasoline tank. (See fig. 62.) 

(11) Turnon the ignition by PUSHING IN the ignition 
switch lever on the engine control panel. 

(12) Start the engine by DEPRESSING the starter but - 
ton on the engine control panel. Should the battery be dead, start 
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Fig. 60. Placing Throttle 
in Idle Position. 



Fig. 61. Pushing Choke to 
"CL" Position. 




Fig. 63. Opening Carburetor 
Feed Valve. 




Fig. 63. Placing Throttle 
in Run Position. 
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the engine with a rope or hand-crank. (See par. 18.) 

(13) When the engine is warmed up and is running 
smoothly, place the throttle in the run position - that is, push 
the throttle up so as to release completely the throttle lever. 
(See fig. 63.) 

(14) Open the peep-hole and look in to make certain 
that the fuel oil -air mixture is burning in the firebox. 

(15) WATCH THE DIAL THERMOMETER ON THE 
GENERATOR CONTROL PANEL. (From a cold start it should 
rise to 700 degrees Fahrenheit in about 6 minutes.) 

14. RUNNING GENERATOR IN "RUN” POSITION, a. Full 
operation. The second step in operating the generator is to pull 
the control lever down to the "run" position in order to permit 
special oil to enter the coil assembly for the purpose of mixing 
with water to make smoke. This puts the generator in full oper - 
ation, and this phase of the operation is known as the "run." The 
run must not be started until the dial thermometer registers 
700 (500 in extreme cold) degrees Fahrenheit. 

b. Procedure. To run the generator, take the following 

steps: 

(1) Pull the control lever down to the "run" position. 

(2) Watch the dial thermometer. When it reaches 
820 degrees Fahrenheit increase the flow of special oil into the 
coil assembly by opening the special oil hand -regulating valve. 
To open this valve, turn its hand -wheel to the left (i.e., toward 
the engine) about one -fourth turn. To repeat: NEVER OPEN 
THE SPECIAL OIL HAND -REGULATING VALVE UNTIL THE 
DIAL THERMOMETER REGISTERS AT LEAST 820 DEGREES 
FAHRENHEIT. 

528267 0 - 43 -6 
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(3) The dial thermometer reading should now rise 
rapidly to the operating range of 875-925 degrees Fahrenheit. 
Temperature should be kept between these two figures through- 
out the run. As a rule this is accomplished by proper manipu- 
lation of the special oil hand -regulating valve. (See par. 17.) 

15. SHUTTING DOWN AND RESTARTING, a. Purpose. 
Adjustments and repairs called for from time to time during 
the warming up or running of the generator frequently demand 
that it be shut down and restarted. 

b. Shutting down procedure. To shut down the genera- 
tor, take the following steps: 

(1) PULL OUT the ignition switch lever on the en- 
gine control panel. (This stops operation of the machine.) 

(2) Push the throttle down as far as it will go. 

(3) Close the special oil hand -regulating valve. IF 
SHUT DOWN IS TEMPORARY, NO FURTHER STEPS NEED BE 
TAKEN. 



(4) If the generator is to be shut down for some time, 
close the carburetor feed valve and all three gate valves. (To 
close a gate valve, always face the wheel and turn it toward the 
right - that is, always turn it clockwise.) 

c. Restarting procedure . The steps to be taken in re- 
starting the generator depend on what temperature the dial ther- 
mometer is registering. 

(1) If the thermometer shows a reading of less than 
700 degrees Fahrenheit in normal weather or less than 500 in 
extreme cold, the generator must be warmed up as described 
in paragraph 13 and then run as described in paragraph 14. 
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(2) If the thermometer shows a reading between 700 
and 820 degrees Fahrenheit (or between 500 and 820 in extreme 
cold) proceed as follows: 



(a) Be sure that all gate valves are open. 

(b) Be sure that the carburetor feed valve is 

open. 

(c) Be sure that the control lever is at "run.” 

(d) Be sure that the special oil hand -regulating 

valve is closed. 



(e) Start the engine with the throttle in the idle 
position in order to release the throttle lever completely. 



fc (f) When the thermometer reaches 820 degrees 
Fahrenheit, open the special oil hand -regulating valve. 



(3) If the thermometer registers 820 degrees Fah- 
renheit or above, proceed as follows: 



(a) Be sure that all gate valves are open. 

(b) Be sure that the carburetor feed vaive is 

open 



(c) Be sure that the control lever is at "run." 

(d) Be sure that the special oil hand -regulating 
valve is open about one -fourth turn. 

(e) Start the engine with the throttle in the idle 

position. 



16. TEST -RUNNING THE GENERATOR, a. Purpose. To 
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make repairs and adjustment, and ta check the causes of mech- 
anical difficulties, it is sometimes necessary to operate the 
smoke generator engine and the pumps without lighting the burn- 
er and without pumping special oil into the coil assembly. 

b. Procedure. Such test -running is accomplished as 

follows: 

(1) Close the shut-off valve at the entrance to the 
burner air tube on the outer fuel oil discharge tubing. (See fig. 



64.) On some generators this valve is equipped with a handle 
for turning purposes; on others with a key. Closing the shut- 
off prevents fuel oil from flowing into the burner and thus pre- 
vents the production of flame in the firebox. 




Fig. 64. Closing the 
Shut-off Valve. 



(2) Be sure that the control lever is in the "start - 
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stop” position. LEAVE IT THERE to prevent passage of special 
oil into the coil assembly. 

(3) Take all steps prescribed for warming up the 
generator in paragraph 13 up through sub -paragraph b (12). The 
water will flow through the coil assembly and escape - as wa- 
ter - through the spray nozzle manifold. Special oil and fuel 
oil will run through the special oil and fuel oil pumps, thus pre- 
venting damage to the pumps. These fuels will then by-pass to 
their supply tanks by way of the special oil and fuel oil return 
lines. 



17. NURSING GENERATOR DURING RUN. a. General. 
While the smoke generator is operating in the "run" position and 
producing smoke, the operator has a fourfold job: 

(1) He must make certain that the generator is pro- 
ducing good smoke. 

(2) He must make regular checks of the liquid levels 
in the fuel supply and gasoline tanks. 

(3) He must see that the dial thermometer reading 
does not fall below 875 degrees Fahrenheit and does not rise 
above 925 degrees. 

(4) He must make necessary service tests, adjust- 
ments, and repairs. 

b. Good and bad smoke . (1) When in operation in the 
"run" position the mechanical smoke generator does one of two 
things. It produces good smoke or it produces bad smoke. 

(2) When the machine is producing good smoke the 
jet of smoke coming out of each of the 10 spray nozzles on the 
spray nozzle manifold will look like the jet diagrammed in fig - 
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ure 65. Foraboutl/2-inchfromthenozzlethejetwill be trans- 
parent. For the next 1 or 1 -1/2 -inch it will be clear in the mid- 
dle and fuzzy at the edges. From there on it will be dense white 
smoke. As a rule the production of good smoke means that all 
parts of the generator are working correctly. 




(3) Bad smoke is any smoke which does not conform 
to the description of good smoke given above. If the jet is black 
or bluish, if there is no 1/2 -inch of transparent smoke at the 
nozzle, if a fine mist of oil droplets comes out - these or any 
other abnormal factors mean that the generator is producing 
bad smoke. 



(4) The appearance of bad smoke means that the 
operator must make some adjustment or repair some part of 
the generator. The possible causes of bad smoke, the checks 
to be made to discover these causes, and possible remedies are 
discussed in Section V. 
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(5) Bad smoke always means trouble and must al- 
ways be checked and corrected. Other possible indications of 
trouble - overheating of the burner, noise in the engine genera- 
tor, etc., - these, their possible causes, checks, and remedies 
also are discussed in Section V. 

c. Special oil. (1) A full special oil supply tank will 
operate the generator about 1 hour. To insure uninterrupted 
operation, however, the special oil supply tank must be refilled 
at least every 45 minutes while the machine is operating. 



(2) The rate at which special oil is usecl is not al- 
ways the same. Sometimes the machine uses as much as 110 
gallons an hour, sometimes as little as 90. A check should be 
made shortly after the control lever is put in the "run" position 
so that the tank can be refilled before oil from the bottom one - 
fourth of the tank gets into the special oil piping. Rechecks 
should be made every 20 or 25 minutes. 



Depth of oil 


Gallons per hour 


used in 3 minutes 


corresponding 


2 inches 


70 


2-1/8 " 


81 


2-1/4 " 


85 


2-3/8 " 


90 


2-1/2 " 


95 


2-5/8 " 


100 


2-3/4 " 


104 


2-7/8 " 


109 


3 


114 



Fig. 00. Special ^Dil Consumption Chart. 



(3) In checking the rate at which the machine is us - 
ing special oil, do not rely upon the gage at the top of the spec - 
ial oil supply tank. Use a clean special oil level gage (par. 11 b), 
a watch with a second hand, and the special oil consumption 
chart shown in figure 00. The procedure is this: note the posi- 
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tion of the second hand on the watch and at the same time inser: 
a clean special oil level gage in the tank so that it touches the 
bottom. (See fig. 67.) Withdraw the gage and measure the depth 
of oil registered on it. Wait exactly 3 minutes. Again insert 
the gage and measure the depth of oil. The difference between 
the depth of oil the first time the gage was inserted and the sec- 
ond gives the number of inches of oil used in 3 minutes. To find 
how many gallons per hour the generator is using, refer to the 
special oil consumption chart. If, for example, the oil falls £ 
inches in 3 minutes, the generator is using only 76 gallons an 
hour; if it falls 3 inches the generator is using 114 gallons. It 
is recommended that this special oil consumption chart be pas- 
ted on some sheltered section of the smoke generator. 

d. Water and fuel oil. The water and fuel oil supply 
tanks should be refilled at least every 8 operating hours. The 
best rule is to fill all tanks to capacity every time operation of 
the generator is planned. 

e. Gasoline. As a precaution against possible waste, 
the carburetor feed valve should be kept closed when the gen- 
erator is not in operation. The tank must be refilled at least 
every 6 operating hours. 

f. Dial thermometer. Under no circumstances during 
the run of the generator must the dial thermometer be allowed 
to register less than 875 degrees Fahrenheit or more than 925 
degrees. Whenever it goes below or above, adjustments must 
be made no matter how well the generator is operating. Nor- 
mally the dial thermometer reading can be corrected by means 
of the special oil hand -regulating valve. When the thermometer 
reading falls below 875 degrees Fahrenheit it indicates that toe 
much special oil is reaching the coil assembly. Remedy this 
by closing the special oil hand -regulating valve. When the ther- 
mometer reading goes above 925 degrees Fahrenheit it indicates 
that too little special oil is reaching the coil assembly. Remedy 
this by opening the regulating valve. In manipulating the special 
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oil hand -regulating valve, do not turn the valve more than one 
turn either way at a time. Do not expect the dial thermometer 
to respond immediately. Such remedies as can be applied when 
the regulating valve proves ineffective are discussed in Section 
V. 

g. Mechanical adjustments, repairs, and tests. Mech- 
anical adjustments, service tests, and repairs, which may be 
necessary during the run of the generator, are discussed in 
Section V. 



Gage in Tank. 

18. STARTING THE ENGINE, a. General. The informa- 
tion in this paragraph supplements those portions of paragraph 
13 concerning the steps to be taken in starting the engine to 
operate the smoke generator. 

b. Procedure. Smooth starting of the engine is achieved 




Fig. 67. Inserting a Clean 
Special Oil Level 



Fig. 68. Emergency Rope 
Starter for Engine. 
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by the' following procedure: 



(1) Before starting the engine, fill the base with good 
gasoline engine oil. (See Section IV.) 



*(2) Fill the gasoline tank with a good quality of gas- 
oline free of dirt and water. (See Section IV.) 



(3) Open the carburetor feed valve. 



(4) Close the choke. (The choke opens automatic- 
ally after the engine starts. It is closed by pushing the choke 
down.) 



(5) The carburetor main discharge adjustment nee- 
dle valve is about 3/4 turn to 1/4 turn. In cold weather start- 
ing is sometimes eased by turning the needle valve to a slightly 
more open position and then readjusting the needle valve, after 
the engine has started, to the position at which the engine runs 
smoothest. Some carburetors have fixed metering jets, in which 
cases needle valves are dispensed with. 



(6) Be sure that the ignition switch lever is pushed 
in (that is, ''on"). 

(7) .Press the starter button. If the starter fails to 
operate, the engine may be started by a hand -crank or by rope. 
(See fig. 68.) To crank by rope, insert the knot at the end of the 
rope in the notch in the starting sheave at the flywheel end of 
the engine and wind the tope on the sheave in a clockwise di- 
rection. Then pull briskly on the rope to turn the crankshaft 
over. To crank by hand, engage the crank handle at the flywheel 
end of the engine crankshaft and turn the engine over briskly in 
a clockwise direction. Engage the crank so as to pull up on it. 
Pushing down is likely to cause the engine to back-fire and in- 
jure the operator’s arm. If the engine does not start on the 
first application of crank or rope, repeat the operation. 
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